Introduction 41 42
In modern studies of landscape evolution, establishing improved chronologies is crucial 43 when aiming at reconstructing past environments. In particular, dating glacio-geomorphic 44 features to investigate the response time of the Earth's cryosphere to climate change is 45 Critical discussion of leads and lags and of potential coincidences among the glacial 72 chronologies of neighbouring and remote ranges in terms of SED requires common and 73 comparable boundary conditions (such as production rate, half-life and scaling scheme 74 applied during the calculations). 75
The main objective of this study is to use 10 Be SED dating to disentangle the contradictions 76 in the available South Carpathian glacial chronology. The major question is whether the MIE 77 coincided with the LGM or occurred before, as it was suggested by Reuther et al. (2004, 78 based on geomorphological and stratigraphical observations (Posea et al., 1974; Posea, 2002 ; 102 Urdea, 2004 ). The second one was based on a single radiocarbon age and proposed that all 103 glacial deposits belong to repeated glacier advances during the last glacial phase (Badea et al., 104 1983; Bălteanu et al., 1998) . (Urdea, 2000 (Urdea, , 2004 , therefore this moraine is considered to represent the MIE in the study 120
area. 121
The second largest moraine generation was determined as M2 or Capra-Judele, with well-122 expressed lateral moraines and terminal moraines extending down to around 1200-1400 m asl. 123
During the deglaciation, several glacier re-advances occurred, which are represented by 124 stadial or re-advance moraines. The most prominent generation of these are located around 125 by the 10 Be SED study in the Pietrele and Stânişoara valleys, on the northern slope of the 136
Retezat Mts (Reuther et al., 2007) . This study became a milestone towards a chronology of 137 the Southern Carpathians' glacial history, although there were no samples from the lowest 138 (M1) moraines. However, in accordance with previous studies, a pre-LGM, early-Würmian 139 (MIS 4) age was proposed for this phase on the basis of pedological investigations. They 140 suggested that the second largest moraine generation (M2) was stabilized during the 141 Lateglacial and had a bimodal age distribution with mean ages of 16.1±1.6
10 Be yrs (n=11) 142 and 14.4±1.6
10 Be yrs (n=6). Accordingly, they suggested that there was no major glacier 143 advance during the global LGM in the study area. 144
Based on two boulder ages bracketing the smaller, M3 glacial phase, it was tentatively 145 assigned to a Younger Dryas (YD) re-advance. Moraines belonging to the smallest, most 146 recent glacial phase (M4) remained undated so far. 147
In the neighbouring Parâng Mts Urdea and Reuther (2009) discussed five 10 Be SED ages 148 ranging between 16.7±1.5 and 17.9±1.6 ka. Unfortunately, insufficient information regarding 149 both these sample sites and the calculation of their SED age preclude the recalculation and the 150 re-interpretation of these data. A recent 10 Be SED study (Gheorghiu et al., 2015) provided a 151 scattered data set. They suggested a major deglaciation phase of the Parâng Mts at 13.2±0. Site specific production rates were corrected for self-shielding using the exponential 211 function of Lal (1991) and an attenuation coefficient of neutrons of 160 g/cm 2 , and assuming 212 a rock density of 2.7 g/cm 3 . Topographic shielding, soil and snow shielding factors were 213 calculated using the CosmoCalc 2.2 Excel add-in of Vermeesch (2007) Strike and dip of the sampled rock surfaces and the inclination of topographic shielding 216
were measured using hand-held clinometer. The snow shielding was estimated using current 217 observations of three meteorological stations of the Southern Carpathians, representative of 218 different altitudes and wind conditions. Two of them (Cuntu; 1450 m asl; Tarcu; 2180 m asl) 219 are exposed to strong winds and have 150-200 days of snow/year with a maximum average 220 snow thickness 60-70 cm. The position of the third station (Balea Lac; 2038 m asl) is similar 221 to the valleys selected for our study. It is situated in a glacial cirque oriented to the North with 222 221 days of snow/year with a maximum average snow thickness of 160 cm. Snow cover was 223 estimated for each sample site using the above data differentiating between wind-swept and 224 protected sites and considering the differences in altitude. As a result, a conservative estimate 225 of 30 to 70 cm snow during 4 to 7 months/year (with higher values for locations at higher 226 altitude and in wind sheltered position) was applied for the calculation of snow shielding 227 using a snow density of 0.3 g/cm 3 . 10 Be exposure age of the landform. The curves were produced using the "Camelplot" 277 MATLAB code (Balco, 2009) equivalent to the NIST SRM4325 standard used to calibrate the measurements performed at 293 ASTER, Aix en Provence. The applied SLHL production rate of 4.02±0.36 atoms/gSiO 2 /yr is 294 also considerably lower than the formerly accepted 5.1 atoms/gSiO 2 /yr. The site specific 295 production rates were scaled using the polynomials of Stone (2000), uniformly for the new 296 and recalculated sample set. Table 2 . 10 Be exposure ages calculated with no correction for surface denudation 316 and uplift are considered as minimum age estimates. In the following sections, only 10 Be 317 exposure ages corrected for the assessed 3 mm/a denudation rate and 1 mm/a uplift rate are 318 presented and discussed, as the geomorphology of the area suggests that the scenario 319 considering no uplift and no erosion is unlikely. 320 LGM age of the landform (Re13-13 and-14: 21.3±0.8 ka and 20.1±1.0 ka, respectively), while 325 one boulder leads to a significantly younger age (Re 13-15: 15.9±0.9 ka), which suggests 326 post-depositional disturbance (moraine denudation, block rotation) decreasing the 10 Be 327 concentration. Therefore, this sample was discarded as an outlier.1600-1750 m asl (Fig. 2) . In the following sections, we discuss the major advance of the 332 Capra-Judele (M2) phase as M2a and the smaller re-advance as M2b. This way, the traditional 333 nomenclature applied to describe the South Carpathian glacial phases by previous authors 334 (Urdea, 2000; Urdea, 2004; Urdea and Reuther, 2009 ) is still applicable to the study area, with 335 the condition that the Capra-Judele phase includes 2 glacial re-advances in the Northern 336
M1 (Lolaia
Retezat Mts. Besides, with the increasing number of chronological data it is possible that in 337 the future the M2b re-advance will be described in other ranges as well. 338
To date the M2a phase, two erratic boulders (Re13-01 and -03), directly emplaced on a 339 whaleback, and the whaleback itself (Re13-02) were sampled (Figs. 2, 3B,C) on the eastern 340 side of the Stânişoara valley at 1750m and 1770m asl. They yielded 10 Be exposure ages 341 between 19.4±0.6 ka and 18.8±1.0 ka (Table 2) (Table 2) . 380 381
Timing of the deglaciation of the Pietrele-Stânişoara valleys 382 383
Due to the small number of data, the samples from the oldest M1 (Lolaia) glacier advance 384 moraine do not lead to a well expressed peak on the cumulative PDF plot (Fig. 5A) . However, 385 its most probable stabilization age of ka (Fig. 5B) is significantly different from the 386 data belonging to the next, M2a moraine generation. This result does not support the pre-387
LGM age of this landform proposed by previous studies based on pedological investigations 388 of lateral moraines at higher position, near the confluence of Pietrele and Stânişoara valleys 389 (Fig. 2) (Reuther et al., 2004, 2007) . Their description of this moraine (absence of boulders 390 larger than 30 cm), however, is in sharp contrast with the lateral moraine sampled for this 391 study close to the terminal position of the M1 stage, where it is composed of huge boulders 392 embedded in a finer-grained matrix (Fig. 3A, B) . In the absence of the exact location and 393 elevation of the soil pits, it was not possible to judge whether the soil profiles sampled by 394 distribution with an older peak at ~18.5 ka and a younger peak at ~16.3 ka (Fig. 5A) . Most 405 samples belong to the M2a glacier advance (n=22) and only three samples were taken from 406 the M2b. Interestingly, the morphological position of samples belonging to the younger or to 407 the older age cluster are not distinguishable: neighbouring samples from the same landform 408 may belong to one or the other group ( Fig. 2; Table 2 ). 409
Several interpretations may be invoked to explain this age distribution. One way of 410 interpreting the data is to consider that the moraines were abandoned during the deglaciation 411 following the LGM and that the younger 10 Be exposure ages result from the exhumation and 412 toppling of boulders during subsequent moraine degradation. In this case, the oldest SED age by post-depositional surface modification under periglacial conditions. Therefore, they 429 accepted the mean SED age of the older age cluster as the time of moraine stabilization. 430
However, they had no data from the M2b moraine generation to support subsequent climate 431 deterioration, which may explain the coherence of the younger age cluster. Accordingly, we suggest that the age of the older, M2a glacier advance corresponds to the 441 oldest 10 Be age measured on the M2 moraine that is 19.5±0.7 ka. Post-LGM glacier recession 442 probably started at ka, as indicated by the most probable age of stabilization defined 443 by the M2a age group (n=13; Fig. 5C ) after discarding the data that belong to the young age 444 cluster ( Table 2 ). The ka 10 Be age of the M2b glacier re-advance was determined by 445 the two boulders of coherent age from the characteristic terminal moraine in the Stânişoara 446 valley (Re13-06 and -08). The 10 Be exposure age of the third boulder was older, similar to the 447 age of the M2a stage, suggesting the presence of inherited 10 Be inventory from the previous 448 glacier advance. The similarity of the most probable SED age of the 2 nd peak provided by the 449 cumulative PDF plot considering the entire dataset ( ka; Fig. 5A ) and that of the M2b 450 glacier advance (Fig. 5D) suggests that partial re-mobilization of the older moraines was 451 strongly related to the climate conditions leading to the M2b re-advance or stagnation. This 452 may explain the coherence of the ~16.3 ka age group of the M2 moraine tested by the 453 statistical analysis. The most probable exposure age of the M2b moraine sample set (n=2) 454 suggests that moraine stabilization and Lateglacial deglaciation continued at ka (Fig.  455   5D) . suggest a most probable 10 Be age of moraine stabilization at ka (Fig. 5E ). This is in 464 agreement with the recalculated The youngest peak of the PDF plot (Fig. 5A, F) Retezat Mts (Lake Brazi, 1740 m asl, and Lake Galeş at 1990 m asl Fig. 2 ) and suggested that 525 sedimentation in both lakes started at 15.1 to 15.8 ka cal BP, depending on the age-depth 526 modelling. Glacial retreat recorded by the 10 Be chronology suggests that the area of Lake 527
Brazi was deglaciated around ka. 528
Most probably, this lake has formed in a depression created by the melting of a buried ice 529 body within the abandoned moraine. Hence, the onset of lacustrine sediment accumulation at 530 15.8 ka or even slightly later, is well in agreement with the SED age data. On the other hand, 531 glaciers of the M3 phase extended down to 1890-1930 m asl at ka (Fig. 2) . 532 Therefore, the onset of lacustrine sedimentation above ~1900 m is not possible before thistime. The presented 10 Be data suggest that in the lake Galeş (situated at 1990 m asl), the onset 534 of lacustrine sedimentation must have occurred between the M3 and M4 glacial advances, i.e. 535 between ka and ka. However, it has to be kept in mind that the age depth 536 modelling of Magyari et al. (2009) was performed for the Lake Brazi only, and that this 537 chronology was then extrapolated to the upper Lake Galeş based on the pollen record. 538
539
The abrupt warming at the beginning of the B/A interstadial was followed by a period of 540 relatively stable temperature until the beginning of the Holocene (Tóth et al., 2012) . Under the 541 steady climate conditions, small cirque glaciers of the M4 phase could survive the B/A 542 warming for a few hundred years, most probably in favourable microclimate conditions 543 provided by the northerly exposed steep topography. The most probable 10 Be exposure age of 544 the youngest, M4 moraine ( ka) suggests that: 1) glaciers disappeared by the end of 545 the B/A interstadial and 2) no ice advance occurred in the study area during the YD and 546
Holocene, which is in contrast with suggestions of previous studies. The vegetation change 547 towards a regional opening of the forest cover and expansion of steppe-tundra at 12.8 ka 548 the LGM, most probably during the MIS 4, is highly probable (Guiter et al., 2005) . According 569 to 10 Be exposure dating of moraines in the Rila Mts, local glacial maximum tends to agree 570 with the global LGM also in the Eastern Balkans (Kuhlemann et al. 2013b ), while the 571 penultimate glaciation seems to significantly overtake the LGM advance over the Western 572
Balkans (Hughes et al., 2011) . It has to be mentioned that 10 Be SED ages of studies published 573 before 2010 were calculated using the former half-life, standardization and production rate of 574 10 Be. Here we use several proxies for the age determination of glacial phases, however more 575 accurate comparison of 10 Be SED dated glacial chronologies will be possible only after their 576 recalculation on a common basis. Tatras began around 15.9-15.4 ka, and the studied area became subsequently ice-free during 633 the B/A interstadial followed by a smaller glacier re-advance at 12-12.5 ka, during the YD. 634
The glacier chronology set by our study is well in agreement with the results of Makos et al. YD glacial advance, which was not present in our study area. 637
On the low altitude Charnagora Ridge of the Ukrainian Carpathians, the mean moraine 638 10 Be exposure age, depending on the applied 10 Be production rate scaling scheme, was 639 between 12.9 and 13.5 ka (Rinterknecht et al., 2012). Although these ages suggest that 640 moraine stabilization occurred at the beginning or slightly before the YD, the authors 641 proposed a YD age for the moraine deposition. Our data put forward that stabilization of this 642 moraine may have occurred synchronously with the M4 glacial phase of the Retezat Mts. The record presented in this study is in agreement with the Alpine and North European glacial 671 chronologies, with the exception of the lacking evidence of YD cooling, frequently expressed 672 in the form of glacier advance (Alps, Giant Mts, Western Carpathians) . 673 We also demonstrate that the recalculation of previously published 10 Be exposure ages on a 674 common basis (half-life, production rate, scaling scheme) makes these data comparable with 675 each other and with independent proxies. Such an approach should be applied when 676 comparing datasets which previously appeared to be contradictory or at least asynchronous. 
